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ABSTRACT

Microwave radiation induced crosslinked network@im ghatti —acrylamide was synthesized
using N, N’-methyene-bis-acrylamide (MBA) and psita® persulphate-ascorbic acid as a
crosslinker-initiator system. Various reaction pareters like reaction time, amount of solvent,
pH of medium, initiator ratio, microwave power, noomer and crosslinker concentrations were
optimized so as to get the candidate polymer wakimum water absorption capacity (2010%).
Effect of electrical field stimulus on the perceygadeswelling of the candidate polymer was
studied as a function of time of current flow amglged voltage. It was found that the candidate
polymer exhibited maximum deswelling (57.47%) at 80 a time interval of 6 min under the

influence of DC field. Whereas, in case of AC eleéield stimulus maximum percent deswelling
(71.59%) was observed at 90V at a time intervab ohin. Moreover, the crosslinked product
was found to be thermally more stable than the back. Characterization was carried-out

using different techniques like FTIR, SEM, XRD &Gd\/DTA/DTG.

Keywords: Gum ghatti acrylamide, crosslinked network, AC-DC stimukssvelling.

INTRODUCTION

Superabsorbent hydrogels are the materials whigk Haee dimensional crosslinked network
with excellent hydrophilic capacity [1, 2]. Theyncabsorb water upto thousand folds of their
initial weight and the swelled gel can retain watader even some pressure [3]. Carbohydrate
polymers are often preferred over synthetic polwrdre to their advantages like non-toxicity,
low cost, ease of availability and biodegradablarabteristics. Workers from all over the world
are working on the graft copolymerization of diffat polysaccharides [4-9] and their potential
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applications in various fields like sustained ddedievery [10], waste water treatment [11,12],
bio-medical applications and separation of salirgewfrom different petroleum fraction-saline
emulsions [13-15].

Stimuli-reponsive polymers are those which expe&genhanges either in their structure or in
their chemical properties under the influence ofimmmental conditions such as temperature,
pH, light, electric field and certain chemicals [16]. Osadat al.[18] reported the electrically
activated artificial muscle system which contrachgdthe electrical stimulus under isothermal
conditions. They reported that addition of NaClreased the rate of water release whereas
addition of organic solvents such as ethanol, asety water reduced the rate of water release
and the contraction resulted from the electrostateraction between charged macromolecules
and the electrodes lead extensive dehydrationeofh. Tanakat al.[19] studied the effect of
electric current on the contraction behavior oftiplly hydrolyzed polyacrylamide gels in a
mixture of 50% acetone and water. They observetthigacontraction was most significant and
rapid in water while on increasing the acetone gmage rate of contraction decreased
gradually. They explained the contraction phenomeabgels on the basis of Flory-Higgins
theory. Kimet al. [20] studied the effect of DC electric stimulus thre deswelling ratio and
bending angle of polyelectrolyte complex composkdhitosan/hyaluronic acid in a solution of
NaCl at different pH and observed that value ofdbeg angle was less at very low and very high
pH regions as compared to neutral pH. They sugdahbit low value of bending angle was due
to the slow diffusion of ions from the crosslinkeetwork in acidic and alkaline medium. Yang
et al. [21] studied the effect of DC stimulus on polyetebtte gels as a function of deswelling
and bending angle and concluded that in contactreldield deswelling at anode depends on
field intensity whereas in non-contact electriddigel bend towards anode. Under the infuence
of external stimuli such as pH, temperature andtedefield hydrogels of polyacrylamide,
partially hydrolysed acrylamide and their copolyméiave been found to show a large volume
changes [22-24].

In this research paper synthesisGafm ghattiacrylamide based hydrogels using KPS-ascorbic
acid and N’N-methylene-bis-acrylamide as an instiatrosslinker system under the influence of
microwave radiations has been reported and effeefentrical stimulus on the deswelling of
candidate polymer was studied with respect to tineurrent flow and applied.

MATERIALS AND METHODS

Gum ghatti(lbackbone) and potassium persulphate-ascorbidadiétor) procured from sd Fine
Chemicals Pvt. Ltd., acrylamide (monomer) and N;nithylene-bis-acrylamide (crosslinker)
purchased from MERCK were used as received.

Instrumental Analysis

FTIR analysis of the backbone and crosslinked prbduas carried-out on Perkin Elmer
spectrophotometer using KBr pellets. Scanning EbacMicrographs of the candidate polymers
were taken on LEO-435VF, LEO Electron Microscopyg.LThermal studies (TGA/DTA/DTG)
of the Gum ghattiand crosslinked Gg-cl-poly(AAm) were done on TGA 6300, Sli
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EXSTAR 6000 in air at a heating rate of 10°C/min. Ray diffraction studies of the samples
were carried-out on BRUKER AXS 08 ADVANCE.

Preparation of solutions of different pH
Alkaline solutions were prepared by the additionN#OH pallets and acidic solutions were
prepared by the addition of HCI using CyberscarO1 EUTECH INSTRUMENTS, pH meter.

Synthesis of superabsorbent
In a reaction flaskGum ghatti(1g) was added to the known volume of deionizedewa A
known molar ratio of ascorbic acid-KPS was alsoeadtb the reaction mixture and mixed
thoroughly to attain the homogeneity. Functionalizeolymer was crosslinked using N,N’-
methylene-bis-acrylamide as a crosslinker. Differegaction parameters like reaction time,
amount of solvent, pH of medium, microwave powed amtiator ratio were optimized as a
function of percentage graftingdjRas per the equation [13]:

W, - W

Py= — ——— X 100 (1)
Wy,

where W and W are the weights of the functionalized polymer badkbone, respectively.

Acrylamide and MBA concentrations were optimizedhaiespect to percent swelling as per the
equation [13]:

Ws'Wd
Pe= ———— X 100 2
Wy

where W and W, are the weights of the swelled and dry polymespeetively.

Electrical stimulus sensitive studies through DC/AGource

Apparatus used for the electrical stimulus sensisitudies is shown in Fig. 1. Preoptimized and
dried hydrogel having weight (yWwas immersed in deionized water for at leastrzhthen was
cut into rectangular shaped pieces with 10mm x 10m®mm dimensions. Weight of the
swollen gel (W) was taken and placed between two copper eledrdoistance between two
copper electrodes was about 5mm. On applicatioeleftrical stimulus water droplets started
coming on the anodic side, which was removed vhighitelp of light blotting tissue paper. Under
the influence of electric field the gel began teswlell and was weighed after a regular time
interval. Percentage deswellingidPvas calculated by the formula:

(Wo — Wy ) = (Wos = W)
Percentage deswelling{§ = x 100
< Ws - VVd )

where W and W are the weights of the dried and swelled samplggedtively and L is the
weight of the sample after deswelling.
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DC/AC Electrical Source

Swelled Hydrogel

Copper Electrodes
Fig. 1: Apparatus for AC/DC stimuli studies

RESULTS AND DISCUSSION
Mechanism
In case of natural polysaccharides hydroxyl grau@s1) present on the backbone molecules are
the active sites for the graft copolymerization.rigas reactions involved in the graft
copolymerization olsum ghattiacrylamide are depicted in Scheme-I.

Initially, ascorbic acid reacts with persulphateyemerate S© (Eq. 3) which on further reaction
with water molecules gives OHEQ. 4). OH and SQ  react with monomer and backbone
molecules to produce free radical sites (Eq. S5tivated monomer and backbone molecules
propagate the molecular chain further and givetosa crosslinked graft copolymer in presence
of N, N’-methylene-bis-acrylamide (Eq. 7).

Optimization of various reaction parameters

The effect of reaction time on percentage graftfhy is depicted in Fig. 2a. From the figure it is
clear that maximum J(65%) was obtained at 90 seconds interval, whesedecline in Pwas
observed with further increase in reaction time ahhmight be due to the fact that with the
increase in reaction time homopolymerization predhabes over graft copolymerization.
Moreover, at higher time interval water soluble poments of the backbone may go to the
aqueous reaction medium, thereby reducing gj#314]. From Fig. 2b it is clear that optimized
amount of solvent for maximumy R65%) was 10ml. Further increase in the amourgobfent
resulted in decreaseq Which might be because of the fact that with theréase in amount of
solvent concentration of OHdecreases which further reduces the active siée®rgtion on
backbone and monomer moieties, hence decreagedad found. Maximum §(78%) was
obtained at 0.5:1 molar ratio of ascorbic acid #3{Fig. 2c]. Initially § was found to increase
with the increase in the molar ratio but after reag maximum, a decline ingRvas observed
which could be due to the fact that initially contration of SQ~ (Egs. 2-4, Scheme-I) and
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Scheme I: Mechanism of synthesis of Gg-cl-poly(AAmM)

ascorbic acid ion (lll, Eq. 1, Scheme-I), get erdeghwith the generation of more active sites
and hence moresPHowever, further increase in the concentratiothee ions resulted in chain
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termination reactions (Eq. 13-14, Scheme-I), wHeath to a deceased,.P Fig. 2d showed the
effect of microwave power ongPFrom the figure it is clear that maximuny E78%) was
observed at 80%. Whereas, further increase in MédRlted in decreased,Rvhich might be
due to the excessive homopolymerization or decoitippf grafted chain at higher MWP. It
has been observed that optimum acrylamide cond@mravith respect to maximum sP
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amount of solvent= 10ml; (b) Effect of amount of dwent onto percentage grafting [AAm]= 0.7042 molL,
reaction time = 90 sec, Initiator ratio = 1:1; (c)Effect of initiator ration on P4 [AAM]=0.7042 molL?, reaction
time=90 sec, Initiator ratio=1:1; (d) Effect of micdowave power onto B reaction time=90 sec, [AAM]=0.7042
molL™, amount of solvent=10ml; (e) Effect of con. of mammer onto R, [MBA]=0.0649 molL™, initiator
ratio=1:1, reaction time=90sec, amount of solvent€inl; (f) Effect of con. of crosslinker onto Ps
[AAm]=0.9859 molL™, reaction time=90 sec, amount of solvent=10ml, pH=

(2010%) in deionized water was 0.9859 mdl[Fig. 2e]. However, further increase in monomer
concentration resulted in decreasedtAnight be because of the fact that increasaonomer
concentration beyond optimum level, leads to in&eeia inter- and intra-molecular self cross-
linkage through secondary bonding forces with disfiad porous gel structure which prevented
the accessibility of more solvent into the polyroematrix [25]. Maximum percent swelling
(1974%) was reported at 0.081mdlbf crosslinker concentration [Fig. 2f]. Furtheciease in
the crosslinker concentration resulted in decred&etecause with the increase in crosslinker
concentration cross-linking density increases twgréeading to the decreased pore size and
increased compactness. Hence lesser accommodatisal¥ent molecules was found.

Characterization
FTIR

In IR spectrum ofsum ghattibroad peak was observed at 3408.4' atue to -OH stretching of
carbohydrates, peak at 2936.6 tmas obtained because of -Casymmetric stretching. Peak at
643.71 cri was because of pyranose ring. Whereas in casegefl-Boly(AAm) peak at
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2370.94 crit was observed due to overtones and combinationsbahdOH in plane bending
and C-O stretching vibrations. Peak at 1645.26 @as because of C=0 stretching of amide-I,
peak at 1403.37 cfwas because of N-H in plane bending of amidedgkpat 1103.50cthwas
due to C-N stretching vibration of amide-Ill. Peak 1019.54 cm was because of C-O
stretching of C=0 group in addition to the peakseasbed in the IR spectrum Gum ghatti

SEM

The morphology ofsum ghattiand Gg-cl-poly(AAm) were examined by SEM and pnése in
Fig. 3a and 3b, respectively. It was observed @am ghattihas smooth and homogeneous
morphology whereas, Gg-cl-poly(AAm) has structuraterogeneity due to crosslinking with N,
N’-methylene-bis-acrylamide.

Fig. 3: SEM of (a)Gum ghatti (b) Gg-cl-poly(AAm)

Thermal studies

TGA of Gum ghattias well as Gg-cl-poly(AAm) was carried-out as achion of percentage
weight loss vs. temperature. In casésofm ghattitwo stage decomposition was observed in the
temperature range from 212-496.9C with 65% weight loss and 496:69(°C with 35%
weight loss. Whereas, in case of Gg-cl-poly(AAm)-Mivgt stage decomposition was observed
from 152.3-518C with 57.7% weight loss and second stage decotiposias observed from
518-611.8C with 32.3% weight loss. First stage decompositi@s due to initial dehydration
and loss of volatile molecules whereas, seconcesiagomposition was due to depolymerization
reactions. Initial decomposition temperature (IT)Gum ghatti(212.PC) was higher than that
of crosslinked polymer (1528) while final decomposition temperature (FDT)@fim ghatti
(59C°C) was lower than that of crosslinked product (84@). It was observed that the difference
in decomposition temperature for the crosslinkelymeric networks was more as compared to
backbone, hence the rate of decomposition was slawsynthesized hydrogel. Further this
might be because of the fact that crosslinked netwwhibited more thermal stability because of
the crosslinking of different polymeric chains [14hese results were further supported by the
data from DTA studies. Three exothermic peaks &&¢3C (18.7uV), 331.8C (21.1uV) and
496.9C (238uV) corresponding to TGA temperature range2d?.P-496.9C and 496.%
59(°C, were obtained in case GLm ghatti Whereas, two exothermic peaks at 469C8{11.34
pV) and 596.3C (155.1 V) were obtained which corresponds toliBé temperature range of
152.3-518C and 518-611.8C, respectively (Table 1). DTG studies were cardatl as a
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function of rate of weight loss (mg/min) versus parature. In case ofcum ghatti
decomposition at 245.4° and 488%has been found with 0.625 and 1.875 mg/min wedigs,
respectively. While in case of Gg-cl-poly(AAm) decposition was observed at 216.9° and
595.9C with 0.172 and 1.094 mg/min weight loss, respebt. Thus, from the DTG studies it
is clear that the rate of thermal decomposition igker in case oBum ghattiin comparison to
Gg-cl-poly(AAm). The better thermal resistance wlag to incorporation of covalent bonds by
the crosslinking between the different polymeriaials (Table 1).

X-Ray diffraction studies
From Table 2 it is clear that with increase in stioker concentration, d-spacing and coherence

length decreases and also an increase in perceflingwas observed. Coherence length of the
samples was calculated using the Schrerrer equ&or27]:

L=0.9 /B XcCo®

Where, A=wavelength, e=diffraction angle, L=coherence length ard~=full width half
maximum.

It is observed from the Table 2 that in case ofdGgely(AAm)-MW, the crosslinked polymers
with crosslinker concentration 0.0487, 0.0649, 01)80.0974 and 0.1136 métLmaximum
intensity peak corresponds t6=24.972 (L=1.668 A), 24.428 (L=1.744 A), 22.739(L=1.815

A), 20.666 (L=1.853 A) and 19.567(L=1.976 A), respectively. Coherence length asébto
increase with increase in crosslinker concentraldading to the increased anisotropy and the
polymer became more crystalline in nature. Thishinlge due to the fact that with increase in
crosslinker concentration, crosslinking densitywsstn polymeric chains got enhanced leading
to more aligned crystalline structure.

Table 1: Thermal behavior of Gum ghatti and Gg-cl-poly(AAm)

TGA DTA DTG
c ~ S~ ] [0} §e] O w
S 4 S 4 = 2R8=3 3 7 53°2£~
~ 0E S Q= o @© ECSEZ T _ S ®BLas&
Sample Code & 28 g2 o eL29 355 gcoS8E
~ < oF ® ot 5 STOLE~-SZ=Z Eclx o=
S £ E 5 S 0E Q9 ~ S e
5 7,68 258 | 2% 5258 § § S0sE
- o <~ N O <~ Lo [} L 5} lq_) a g ° .
QO DO = o d-? g St o o
as $ (c) [ 29Co [ 3°°C) [ ¢ [29(CO
Gum Ghatti 9121 | 2121-4969 | 496.6-590 | 590 3073 | 331.8 | 4969 | 2454 | 4889
: (65%) (325%) | (0.00) | (18.7) | (21.1) | (23.8) | (0.625) | (1.875)
Go-clpoly(AAm) | 152.3 | 1523518 | 5186118 [ 6118 | 469.87 | 5963 - 3823 | 5945
g-c-poly : (57.7%) (32.3 2.5%) | (11.34) | (155.1) (0.393) | (0.873)

where IDT=Initial decomposition temperature, FDTxlal decomposition temperature, TGA=Thermo graviietr
analysis, DTA=Differential thermal analysis, DTG=ffairential thermo gravimetric analysis and Gg-cl-
poly(AAm)=Crossslinked graft copolymer of acrylamihto Gum ghatti.
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Table 2: Effect of concentration of crosslinker ord-spacing and coherence length

Crosslinker d- Angle of Diffraction | FWHM at | Coherence
Sample Code (molL™) Spacing at 20-scale 20- scale | length (A)

Gg 4.24532 20.908 13.17 1.057
Gg-cl-poly(AAm)-I 0.0487 3.5608 24977 8.2305 1.668
Gg-cl-poly(AAm)-11 0.0649 3.6410 24.428 7.8696 1.744
Gg-cl-poly(AAm)-Iii 0.0810 3.9014 22.739 7.5586 1.815
Gg-cl-poly(AAm)-1V 0.0974 4.2944 20.666 7.4059 1.853
Gg-cl-poly(AAm)-V 0.1136 4.5330 19.567 6.93653 1.976

where Gg=Gum ghatti, EPercentage grafting, EPercentage swelling, FWHM=Full width half maximum
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Electrical stimulus sensitive studies through DC/AGource

Effect of time of current
From Figs. 4a-b

flow

it is clear that initially rateremoval of water molecules from the gel network

was higher, which kept on decreasing slowly. Inecasboth AC and DC stimuli the optimized
time for maximum deswelling was observed to beile. frurther increase in the time of DC/AC
stimulus percentage deswelling was found to deergdsch might be because of the fact that
further DC/AC stimulus time resulted in electrolysdf water content imbibed within the
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network polymer into Hand OH ions. Though most of the Hand OH ions being smaller in
size easily make their way out of the gel but remmaj ions exert an ion screening effect within
the gel thereby leading to decreased deswellingeMer, further increase in electrical stimulus
time resulted in the production of more concentratof H and OH ions and increase in
electrostatic repulsion between thé/H and OHOH ions and hence decreased percent
deswelling was observed.

Effect of applied voltage

Water release studies of the gels were carriedvihitthe application of the DC/AC electric field
stimulus at different voltages (60, 70, 80, 90 &@dV). It was found that initially with the
increase in the applied voltage percentage deswellicreases but after getting optimized
voltage (80V in case DC slimulus and 90V in caseA@f stimulus) percentage deswelling
decreases (Figs. 4c-d). Which could be becauskeofact that though initially with increase in
voltage the speed of transfer of Hnd OH ions toward the opposite electrodes increases and
there is an easy escape of these ions out of trendeconsequently there is increased deswelling
rate but with further increase in the voltage, tmelectrolysis there is more generation 6f H
and OH ions which exerted ion screening effect due tatedstatic repulsions and resulted in
the decreased rate of shrinkage of crosslinke@syst

CONCLUSION

From the ongoing studies it is observed that metimsAbis-acrylamide crosslinked network
obtained from acrylamide ar@lum ghattiis thermally more stable than the backbone. Mcoggov
the synthesized polymer was found to exhibit delwgesensitivity towards AC and DC electric
stimuli which further was found to be stimulus tinag@plied voltage and pH dependent. Thus,
the synthesized candidate polymer is of great agmce from technology view point.

REFERENCES

[1] F. Aloulou, S. Boufi, J. LabidiSep. Purif. Technol2006 52, 332.

[2] S.K. Bajpai, S. JohnsoReact. Funct. Polym2005 62, 271.

[3] Z. Liu, Y. Miao, Z. Wang, G. Yin, @bohydr Polym.2009 77, 131.

[4] J.S. Lee, R.N. Kumar, H.D. Rozman, B.M.N. AzeRopd Chem.2003 91, 203.

[5] V. Kumar, Y.K. Bhardwaj, K.P. Rawat, S. Sabharnirddiat. Phys. Chenm2005 73, 175.
[6] V. Singh, D.N. Tripathi, A. Tiwari, R. Sanghiatbohydr Polym.2006 65, 35.

[7] E. & Cohen, A. Zilkha)). Polym. Sci. Pol. Chen2003 7, 1881.

[8] P.K. Pandey, A. Srivastava, J. Tripathy, K. Beh@arbohydr Polym.2006 65, 414.

[9] A. Mishra, M. BajpaiJ. Hazard. Mater.2005 118, 213.

[10]1.C., Kwon, Y.H. Bae, S.W. Kim\ature 1991, 354, 291.

[L1]W.E. Rudzinski, A.M. Dave, U.H. Vaishnav, S.G. Kuanp A.R. Kulkarni, T.M.
Aminabhavi.Des. Monomers. Polyn2002 5, 39.

[12] W.E. Rudzinski, T. Chipuk, A.M. Dave, S.G. KumbarM. Aminabhavi,J Appl Polym
Sci.,2003 87, 394.

[13] B.S. Kaith, K. Kumar]ran. Polym. J.2007, 16, 529.

[14] B.S. Kaith, K. Kumarg-polymers2007, no. 002.

68

Pelagia Research Library



Rajeev Jindalet al Der Chemica Sinica, 2010, 1 (3):59-69

[15] B.S. Kaith, K. KumareXPRESS Polym. Let2007, 1, 474.

[16] A.S. Hoffman, A. Afrassiabi, L.C. Dong, Control. Releas€,986 4, 213.

[17]W. Kuhn, B. Hargitay, A. Katchalsky, H. Eisenbeigture 195Q 165, 514.

[18] Y. Osada, M. Haseb&hem. Lett.1985 165, 1285.

[19] T. Tanaka, I. Nishino, S.T. Sun, S.U. Nishi&egjence1982,218,467.

[20] S.J. Kim, S.G. Yoon, K.B. Lee, Y.D. Park, S.I. Ki8plid State lonic2003 164 199.
[21]Y. Yang, Jan B.F.N. EngbertSplloid. Surface A200Q 169, 85.

[22] M. llavsky, J. Hrouz, I.Havliek?olymer 1985 26, 1514.

[23] R.F.S. Freitas, E. Cussl&ep. Sci. Technoll987 22 911.

[24] K. Mukae, Y.H. Bae, T. Okano S.W. KiRplym. J.,199Q 22,206.

[25] Jenkins, D.J.A., Spadofora, P.J. & Jenkins, S.B96) In Handbook of lipids in Human
Nutrition. Spiller, G.A. (ed.), CRC press Inc.: De. BocadRapp. 173-198.

[26] A.L. Patteron, (1939%hys. Rev.1939,56, 978.

[27]1 H. Malik, N. Gupta, A. Sarkaiat. Sci. Eng. C-Bio. $002 20, 215.

69

Pelagia Research Library



